ABSTRACT We present 11.1 to 37.1 μm imaging observations of the very dense molecular cloud core MM1 in G034.43+00.24 using FORCAST on SOFIA and submillimeter (submm) polarimetry using SHARP on the Caltech Submillimeter Observatory. We find that at the spatial resolution of SOFIA, the point-spread function (PSF) of MM1 is consistent with being a single source, as expected based on millimeter (mm) and submm observations. The spectral energy distributions (SEDs) of MM1 and MM2 have a warm component at the shorter wavelengths not seen in mm and submm SEDs. Examination of H(1.65 μm) stellar polarimetry from the Galactic Plane Infrared Polarization Survey shows that G034 is embedded in an external magnetic field aligned with the Galactic Plane. The SHARP polarimetry at 450 μm shows a magnetic field geometry in the vicinity of MM1 that does not line up with either the Galactic Plane or the mean field direction inferred from the CARMA interferometric polarization map of the central cloud core, but is perpendicular to the long filament in which G034 is embedded. The CARMA polarimetry does show evidence for grain alignment in the central region of the cloud core, and thus does trace the magnetic field geometry near the embedded Class 0 YSO.
INTRODUCTION
Infrared (IR) dark clouds (IRDCs) are extinction features seen in silhouette against the bright mid-IR Galactic background. When first discovered by Perault et al. (1996) , it was not known what role, if any, these objects played in star formation. Detection of IRDCs in the submillimeter (submm) and millimeter (mm), coupled with evidence for shocks associated with star formation (Rathborne et al. 2005 (Rathborne et al. , 2007 , suggests that they represent the earliest stage in star formation (Lis & Carlstrom 1994; Carey et al. 2000; Redman et al. 2003; Battersby et al. 2010) . A recent 4.5 and 24 μm survey (Chambers et al. 2009 ) to detect shocked gas found evidence of star formation in roughly one-third of IRDC cores. The high mid-IR luminosities for some of these sources clearly demonstrate that at least one massive star is forming (Rathborne et al. 2010) .
The early evolutionary stages of low-mass stars are relatively well understood, owing to the ubiquity of nearby (<150 pc) low-mass star-forming regions. Low-mass stars tend to form in isolation, with formation times comparable to interaction times between a young stellar object and nearby cloud cores. Interaction, primarily through shocks from bipolar outflows with dynamic timescales ∼10 5 years, possibly enhances lowmass star formation and may extend the process for several million years. Swift & Welch (2008) , for example, have found that low-mass star formation in L1551 has persisted on for over 6 million years, steadily progressing across the molecular cloud.
Massive star formation, however, commonly occurs within tight clusters of OB stars and creates a local environment that is strongly influenced by the presence of these massive stars (e.g., the Trapezium in Orion). For massive star formation, the formation time could be less than the time for winds and radiation to disrupt the cloud. The formation of a massive star, with a main-sequence lifetime of just 2 million years, can significantly disrupt the star formation process by dissipating the surrounding molecular gas, and preventing nearby star formation that would have taken place only a million or so years after its arrival on the main sequence.
The role of magnetic fields in the early stages of star formation is an active area of study (Crutcher 2012) . The primary method of studying the magnetic field geometry in the interstellar medium (ISM) is through measurement of interstellar polarization, both in extinction and emission (Lazarian 2007) . The role of magnetic fields in the late stages of star formation may be relatively minor (Lazarian 2014) , but there is strong evidence they play a significant role in the earliest stages of star formation (Crutcher 2012; Marchwinski et al. 2012) . A major technique to determine the magnetic field geometry is observing the polarization in emission or extinction of dust grains aligned with the magnetic field (Jones & Whittet 2015, pp. 147-160) .
IRDCs offer us a chance to investigate a very early phase in massive star formation in near complete isolation. They may be the warm, dense precursors to O-B star-forming molecular clumps. If so, they are the densest clumps in molecular clouds that are just beginning the process of fragmentation and condensation. Battersby et al. (2010) studied several IRDCs, including GG034.43+00.24 (hereafter G034), which contains an ultra-compact HII region (MM2) and a Class 0 YSO (MM1) that is very faint at 8 μm, but equally bright at longer wavelengths. They consider G034 to be an excellent source to study the triggered star formation mechanism of IRDCs. In this paper, we present new observations of G034 MM1 and MM2. We present the mid-IR spectral energy distributions (SEDs) using SOFIA observations, and determine the magnetic field geometry in which MM1 and MM2 are embedded using Galactic Plane Infrared Polarization Survey (GPIPS) and using new Caltech Submillimeter Observatory (CSO) polarimetry observations for comparison with high-resolution polarimetric maps of the dense core of MM1.
OBSERVATIONS

SOFIA FORCAST Observations
The G034 field was observed with the NASA Stratospheric Observatory for Infrared Astronomy (SOFIA : Gehrz et al. 2009; Young et al. 2012 ) during mission OC2-F Flight 4, 2014, June 13, using the FORCAST instrument (Herter et al. 2012) , which provides imaging capability from 5 to 40 μm. After post-processing, FORCAST yields a pixel scale of 0.768 arcsec pixel −1 , providing a 3 2×3 2 effective fieldof-view. For details on observing with FORCAST, see the FORCAST chapter in the SOFIA Observers Handbook, https://www.sofia.usra.edu/researchers/proposing-andobserving/sofia-observers-handbook-cycle-5/7-instrumentsiv-forcast. For inforamtion on FORCAST data products, see Revision A3 to the FORCAST Guest Investigator Handbook, https://www.sofia.usra.edu/researchers/ proposing-and-observing/sofia-observers-handbook-cycle-5/ 7-instruments-iv-forcast.
We observed MM1 in four bands with effective wavelengths of 11.1, 25.3, 31.5, and 37.1 μm. The data from each band were taken sequentially with a mirror in place of the dichroic, as single-channel observations provide higher throughput for each channel (see Herter et al. 2012 , for a discussion of single/dualchannel mode). The bandpasses and total integration times for each filter are listed in Table 1 .
The chopping secondary on SOFIA was configured for symmetric two-position chopping with nodding (C2N) with a chop throw of 40″ amplitude on the sky to cancel atmospheric emission. The nod throw was performed parallel to the chop throw (NMC configuration), which places the array on a piece of blank sky (Herter et al. 2013) . The data were calibrated and reduced with pipeline software at the SOFIA Science Center and released to the authors as level 3 results. The FITS files were posted on the SOFIA Data Cycle System for download by the investigator team. The point source fluxes are listed in Table 2 where, except for the 11.1 μm filter, the formal uncertainties are dominated by the overall flux calibration of SOFIA FORCAST photometry.
CSO Observations
The sources G034 MM1 and G034 MM3 were observed at 450 μm using the SHARP polarimeter on the nights of 2010 September 9 and 10, respectively. SHARP (Li et al. 2008 ) is a fore-optics module that is installed on the SHARC-II camera at the CSO. Incident radiation is split into two orthogonally polarized beams that are then imaged onto opposite ends of the 12×32 pixel SHARC-II bolometer array. The result is a dualpolarization 12×12 pixel polarimeter with a ∼1′×1′ field of view. The polarization is modulated by stepping a half-wave plate at the relative angles 0°, 22°.5, 45°, and 67°.5.
For all observations, the chopping secondary mirror of the telescope was modulated at ∼1 Hz with a throw of ∼5 arcmin while the telescope was nodded more slowly at ∼0.01 Hz, with the same throw. Observing conditions were very good, with atmospheric opacities steady at τ(450 μm)≈1.3 for MM1 and varying in the range 0.9 to 1.2 for MM3. Data analysis involves co-adding a series of 90 s integrations at each HWP position while chopping and nodding. Over the course of each night, the total time spent on source was 1.7 hr for MM1 and 2.6 hr for MM3. Corrections for polarization bias were performed using the method outlined in Wardle & Kronberg (1974) . The results are listed in Table 3 .
As only the relative source intensity is needed to determine linear polarization, no photometric calibration was performed. Polarization angle calibration was performed by inserting a wire grid into the SHARP beam at a known angle. The uncertainty in this calibration angle, ∼2°, is the largest source of systematic uncertainty for measuring the source polarization angle. No correction has been applied for the instrument polarization efficiency, measured to be 98%-99% at 450 μm in previous observing runs (Davidson et al. 2011) . Additionally, no correction is made for the telescope or instrument polarization, both of which are measured to be small during previous observing runs (Davidson et al. 2011) . Based on the uncertainty of those measurements, we estimate a systematic uncertainty of <0.2% on all SHARP measurements at 450 μm. Further details of the complete data analysis are discussed by Chapman et al. (2013) and Davidson et al. (2011) .
GPIPS Data
We use the H(1.65 μm)-band polarimetry from GPIPS by Clemens et al. (2012) to determine the large-scale magnetic field geometry in which G034 is embedded. We combined four fields, GP 1399, 1400, 1413, and 1414, into a single database and made several cuts based on particular database parameters. The JHK magnitudes in the GPIPS database are taken from the 2MASS survey (Skrutskie et al. 2006 ). First we excluded all sources with S/N < 3.0. Second, we excluded all sources with H−K colors less than 0.8 mag., which roughly corresponds to A V ∼10 for red giants. We wanted to use stars that are highly reddened, and therefore more likely to sample out to the large distance of G034 (the distance is discussed in the next section). Finally we made a cut in the "polarization efficiency," the ratio of polarization to optical depth (P/τ), to exclude stars that were more highly polarized than expected, based on previous measurements of interstellar polarization. This was intended to weed out stars that are intrinsically polarized with a position angle that may have nothing to do with the intervening interstellar medium. The upper limit to P/τ at K(2.2 μm) found by Jones (1989) is P K (%)/τ K =6.7, which is equivalent to the well know result in the optical from Serkowski et al. (1975) of P max (%)=3A V . Ignoring any intrinsic H−K colors, this relation translates to P H (%)/(H−K)∼10. We made our cut at P H (%)/ (H−K)<20, noting that the number of stars effected by this particular cut in the database is less than 5% of the total.
Herschel PACS Photometry
Mid-infrared (mid-IR) photometry of MM1 and MM2 were obtained from the ESA Herschel Space Observatory (Pilbratt et al. 2010) , with observations taken on the PACS (Poglitsch et al. 2010) instrument. The G034 field images were acquired from the Herschel Science Archive, with 70 and 160 μm data taken on 2011 April 26 (ObsID 1342219631). The images were reduced using the HIPE (Ott 2010) toolkit, with standard aperture photometry performed in IRAF after applying aperture corrections from Herschel-PACS point-source calibration data (Balog et al. 2014) . Aperture size for each object was ∼20″ in each waveband. As MM1 and MM2 are heavily embedded in IR-bright regions, the sky signal was calculated by scaling the flux of the sky background ∼5′ away from each object. This sky flux was subtracted from the source flux to obtain the final photometry at 70 and 160 μm, as shown in the SEDs in Figures 1 and 2 . The computed fluxes are listed in Table 4 .
Uncertainties were derived from the rms counts of the sky flux scaled by the aperture size, chosen for each object in each field, plus the absolute calibration uncertainty for Herschel.
RESULTS
Distance
The distance to G034 has been measured and estimated by several authors and is discussed extensively in Foster et al. (2014) . Using VLBI parallax measurements of H 2 O masers, Kurayama et al. (2011) place the cloud at 1.6 kpc. Kinematic distance estimates range from 3.7 to 3.9 kpc. Foster et al. (2014) question the viability of the parallax measurements based on concerns about the difficulty of the observations and strong disagreement with the kinematic distance. They adopt a distance of 3.9 kpc. We will use both the 1.6 and 3.9 kpc distances in this paper for results that are distance dependent. The distance to G043 is certainly beyond 1 kpc, well outside the local Solar Neighborhood.
Spectral Energy Distribution
The SEDs for MM1 and MM2 are shown in Figures 1 and 2 , respectively. MM2 is just detectable at 11 μm and MM1 is below our detection limit. Also plotted are the longer wavelength measurements from Rathborne et al. (2010) , and Herschel (see Section 2.4). Integrating under the SED, the computed luminosity for MM1 is ∼5000 L e if it is at a distance of 1.6 kpc. This is equivalent to a main-sequence B1 star (Panagia 1973) . If MM1 is at a distance of 3.9 kpc, its luminosity would be L∼30000 L e , equivalent to a mainsequence B0 star (Panagia 1973) . We identify MM1 as a Class 0 YSO in the process of forming an early B star that has yet to produce ionizing radiation (Battersby et al. 2010) .
Both SEDs show a warm component not found by Rathborne et al. (2010) that is evident at the shorter wavelengths sampled by our SOFIA observations. Rathborne et al. (2010) estimate optical depths of τ=0.16 and 0.07 at 250 μm for MM1 and MM2, respectively, based on the observed surface brightness at submm wavelengths. Rathborne et al. (2010) fit their observations with a graybody spectrum characterized by a wavelength dependence for the emissivity ò. As is commonly done, the emissivity is characterized by a power-law dependence where ò λ ∝ λ − β . They find a good fit if β=1.6 for both MM1 and MM2. Using this value for β and extrapolating to 30 μm for both of these sources, the optical depths would be significantly greater than one. It is unlikely that the warm component seen in our SOFIA photometry is a warm core (subtending a smaller solid angle than the colder submm flux) shining through the submm emitting dust, since the extrapolated optical depths are so high. The mid-IR flux must be coming from warmer dust in the beam that is not being extinguished by cold dust.
The CHaMP survey using IRAS and MSX observations (Ma et al. 2013 ) finds class 0 YSOs commonly show a warmer color temperature component to their SED. Ma et al. (2013) used multiple gray bodies to fit the observed SEDs, although more sophisticated models are available using radiative transfer codes. Most of the CHaMP examples have a higher color temperature for the warmer component that we find for G034. Updated models using a Monte Carlo radiative transfer code with three-dimensional geometries have been published by Whitney et al. (2013) . Models with a warmer component as cool as we find for G034 are not present in their grid of SEDs. This is because the central star in the Whitney et al. models have already evolved close to the main sequence with photospheric temperatures of around 3000 K, more appropriate to Class 1 YSOs.
The warmer component we find for MM1 may suggest there is a separate, lower luminosity, source associated with MM1. However, SMA observations at 345 GHz reported by Rathborne et al. (2011) clearly show only one source at the location of MM1, and any reasonable extrapolation of the warm component to sub-mm wavelengths would easily be detectable in the SMA observations. Figure 3 illustrates the radial profile of MM1 overplotted with that of β Peg, a standard star from the FORCAST calibration pipeline. Given that MM1 is not detected at 11.1 μm, the 25.3 μm filter offers us the best image quality for examination of the point-spread function (PSF) for signs of multiple sources. The FWHM for the beam at 25.3 μm was measured to be 5 4. Both MM1 and MM2 have identical PSFs, and there is no indication of departure from circular symmetry in the PSF. If MM1 had a separate, warmer component, a simple extrapolation of the mid-IR fluxes to sub-mm wavelengths (using β=1.6) yields a source that would be well above the detection limit in the observations of Rathborne et al. (2011) . . Various cuts in the GPIPS database are discussed in Section 2.3 and designed to remove stars with A V  10 and stars with intrinsic polarization. We argue in Section 3.3 that the region outlined corresponds to the magnetic field geometry at the distance of G034, but the rest of the sky is dominated by foreground features, principally Loop I. The dashed line is the Galactic Plane at a constant latitude of b=0°. 234. The small circle indicates the location of G034.
Polarimetry and the Magnetic Field Geometry
The H-band polarimetry from the GPIPS database discussed in Section 2.3 is plotted in Figure 4 using equatorial coordinates. Note, position angles in equatorial coordinates are defined as the angle east of north in the equatorial coordinate system. The position angles clearly group into two regions on the sky, one inside the boundary line drawn in the northeast, and the other in the rest of the sky. The distributions of position angles for the two regions in Figure 4 are shown in Figure 5 . Also shown in Figure 5 is the location in θ EQ of the Galactic plane (30°) and a rough estimate of θ EQ =170°for the position angle of the long filament (Foster et al. 2014 ) in which G034 is embedded. The region inside the boundary line in the northeast has position angles that lie close to the Galactic Plane with a mean of θ EQ =25°. The rest of the position angles lie about a mean of θ EQ ∼150°(60°off the Galactic Plane). Finally note that all the stars were subject the same cuts discussed in Section 2.3, so statistically both groups contain similar heavily reddened, presumably distant, stars.
The H-band polarization position angles crossing the Galactic plane southwest of G034 are roughly perpendicular to the Galactic Plane, and are seen in optical polarimetry as well (Mathewson & Ford 1971; Berdyugin et al. 2014) . They may be associated with the North Polar Spur (Loop I, NPS), which crosses the galactic plane at ℓ∼30°. This position angle probably represents the foreground magnetic field geometry, primarily influenced by the NPS, which is local (Wolleben 2007; Berdyugin et al. 2014) , and not at the distant of G034. Note that the extinction through the NPS is low along lines of sight well above the Galactic Plane, but within a degree of the plane, much higher extinctions would be expected. Hence, our cutoff in (H−K) color, corresponding to A V ∼10 does not exclude dust associated with the North Polar Spur from dominating the line of sight to the reddened stars.
Not all authors agree on the location of the NPS. The feature seen in optical poalrimetry clearly must be local, since the stars are only a few hundred parsecs away (Mathewson & Ford 1971 ). As we noted, the GPIPS near-infrared polarimetry of more heavily extinguished stars has very similar position angles compared to the optical polarimetry, and suggests the same feature is being sampled. Other studies, however, suggest that the NPS is further away. Sofue (2015) , for example, place the NPS behind the Aquilla rift at a distance of 1 kpc and suggest multiple supernovae, or a very powerfull hypernova as the origin of the feature. This would place the NPS still comfortably in front of G034 if the molecular cloud is at 3.9 kpc, but within the vicinity of G034 if it is at 1.6 kpc. For this paper, we will associate the position angle lying in the Galactic Plane with the magnetic field geometry at the large distances appropriate to G034, and the field geometry distributed about 150°with the foreground. We do note that the position angle of the long, dark filament (Foster et al. 2014) in which MM1 and MM2 are embedded is moderately close to the position angle of the polarization vectors to the north of G034.
The Planck results for the Galactic magnetic field (Planck Collaboration et al. 2015) are in good agreement with this conclusion. At the longitude of G034, the presence of a field geometry that connects with the optical poalrimetry associated with the North Polar Spur is clearly visible in the Planck polarimetry down to within a degree of the Galactic Plane. The inferred magnetic field geometry then quickly changes to lying directly in the plane at latitudes within ±1°of the plane. Since the disk is optically thin at Planck wavelengths, this transition is easily interpreted as a foreground feature (the NPS) that crosses the plane nearby the Sun, that then becomes lost in the general planer magnetic field for the many kpc that stretch into the distance behind both the North Polar Spur and G034.
Since G034 itself is associated with extremely high extinction, it is not surprising that there are no distant, reddened field stars shining directly through the molecular cloud from behind, even in the Near-IR. The closest star (in angle on the sky) to MM1 in our subset of the GPIPS data set is located at (J2000) R.A.=18
h 53 m 20 6 and decl.=+1°25′ 45 0 and is quite red with H−K=2.36∼A V =35. It has a high level of polarization with P H =13.8%, a high efficiency ratio P H (%)/(H−K)∼6, and a position angle directly in the Galactic plane. The high ratio of polarization to extinction indicates a relatively uniform magnetic field geometry along the (extinction weighted) line of sight (Jones et al. 1992) . Again, we argue that G034 is embedded in an external magnetic field that lies in the plane of the Milky Way at distances greater than the foreground structures responsible for Loop I.
The polarization vectors for our SHARP observations are plotted along with a gray scale representation of the flux in Figure 6 . The vectors all have the same length (only the position angle is being plotted) and have been rotated 90°to represent the inferred magnetic field direction. The 3σ results are plotted as a thicker line and the 2σ results (both after correction for polarization bias) are plotted as a thinner line. The linear grayscale is the Herschel/SPIRE (Griffin et al. 2010 ) intensity map at 250 μm, downloaded directly from the Herschel Science Archive with no additional processing beyond Level 2.5 (target: W 48, observing date: 2010 September 18-19, ObsIDs: 1342204856 and 1342204857, HIPE v11.1.0).
The position angles from the 450 μm polarimetry of MM1 are all very similar and do not line up with the Galactic plane, but are perpendicular to the long filament in which G034 is embedded. Examination of the CARMA interferometric polarization maps at λ=1.3 mm (Hull et al. 2014) , reveals a mean position angle (inferred B field) for the CARMA polarimetry of θ EQ ∼45°, distinctly different from the single beam 450 μm results. We note that the vectors from the SHARP polarimetry of MM1 are very uniform on 30″ scales on the sky. An interferometer filtering out anything on the 30″ scale might easily subtract off any angle component with Figure 4 . Left: histogram of the rest of the sky outside the enclosed region in Figure 4 . Also shown is the location of the Galactic Plane and an estimate for the position angle of the long filament G034 is embedded in.
position angles corresponding to the SHARP polarimetry. The uniformity in the SHARP vectors might be consistent with the CARMA vectors near the central intensity peak being so uniform, even though differing by 35°. It is possible the two observations are tracing different depths into the cloud, not because the optical depths are that different at 450 μm versus 1.3 mm, but because they sample very different spatial scales.
In Figure 7 , we plot the CARMA polarimetry vectors along with a schematic representation of the various position angles we have discussed. There is no clear pattern nor is there an association between the GPIPS, SHARP, and CARMA polarimetry. We do note that (1) the CARMA polarimetry at and near the intensity peak has a position angle that lies in the Galactic plane, (2) the CARMA polarimetry to the southeast, well off the intensity peak, lines up with the 450 μm polarimetry, and (3) the 450 μm polarimetry vectors are perpendicular to the long filament in which G034 is embedded. Otherwise, there is no obvious correlation of the mm and submm polarimetry with the location of the Galactic plane, the position angle of Loop I as it crosses the Galactic plane, or the large-scale magnetic field geometry determined from the GPIPS database.
Examples of Class 0 YSO's and starless cores with combined near-infrared (near-IR) and submm polarimetry that display clear alignment between morphological features and the polarization vectors are few, and they usually involve lowmass stars or cores (see discussion in Alves et al. 2014 ). For example, the Pipe Nebula shows a clear association of optical, near-IR, and submm polarimetry with the geometry of the dark cloud (Alves et al. 2008 (Alves et al. , 2014 Franco et al. 2010) . Both the external magnetic field measured by the optical polarimetry, the near-infrared polarimetry penetrating higher column depths and the submm polarimetry of a starless core are correlated. We note that Pipe-109, the starless core embedded in the cloud and studied with submm polarimetry, has a mass of only ∼4 M e , unlike G034, which is forming an early B star with M∼10 M e . The polarimetry we have suggests that the magnetic field on the 1 pc scale sampled by the 450 μm polarimetry is perpendicular to the long filament stretching north-south, connecting MM1, MM2 and MM3. On smaller scales, sampled by the CARMA polarimetry, the field shows a more complex behavior, and at the brightness peak is not aligned with the 450 μm polarimetry. The magnetic field on even larger scales sampled by the near-IR polarimetry lies in the Galactic plane.
We now explore whether the CARMA polarimetry traces the magnetic field geometry deep within the MM1 core, where the Class 0 YSO is forming. There is now substantial evidence for loss of grain alignment in dense molecular cloud regions, beginning with observations of background field stars at K (2.2 μm) shining through B216-217 (Goodman et al. 1995) . Lines of sight through starless cores show a significant decrease in polarization efficiency with increasing optical depth (Whittet et al. 2008; . However, lines of sight to embedded Class I YSOs show normal polarization behavior (Dyck & Capps 1978; Jones 1996; Whittet et al. 2008) . For Class 0 YSOs, there are too few detailed observations to make a comparison with starless cores (see Jones 2003, for one example) . If grains are not aligned deep inside MM1, it is possible the CARMA results are only sampling the outer skin, as is often the case for starless cores such as L183 (Clemens 2012b) .
In Figure 8 , we plot the 1.3 mm fractional polarization for MM1 (Hull et al. 2014 , electronic data) against surface brightness. The surface brightness is a proxy for column depth of dust so trends in Figure 8 are a measure of the alignment efficiency along individual lines of sight . A slope of −1 indicates that the grains are not aligned deeper into the cloud core. That is, larger optical depth is being sampled, but the added intensity is unpolarized, and simply diluting the polarized intensity from aligned grains at the front and back of the cloud. The lack of grain alignment in dense molecular cloud cores is probably due to the inability of external interstellar radiation to penetrate very far into the cloud core (Andersson 2015; . This interpretation assumes radiative torques (e.g., Hoang & Lazarian 2009 ) is the mechanism underlying grain alignment (see Andersson 2015 , for a review of grain alignment mechanisms). For deeply embedded, luminous Class I YSOs such as the Becklin Neugebauer object in OMC1 (Becklin & Neugebauer 1967; Dyck & Capps 1978; Whittet 2004 ), the intense near-IR radiation from the young star probably is sufficient to align the dust grains along the entire line of sight, explaining the polarization of BN . For a Class 0 YSO such as MM1 in G034, the SED has much weaker near-IR flux. It is possible that only deep inside, close to the young star, and only for the largest grains, can alignment take place. The trend of fractional polarization with column depth (surface brightness) for MM1 seen in Figure 8 suggests just such a scenario. At lower surface brightness, corresponding to lines of sight through the periphery of the cloud core, the slope is −1, indicating no grain alignment for dust grains well inside the molecular cloud. The polairzed emission of dust around the exterior of the cloud is being diluted by unpoalrized emission from deeper inside. We note that even at a "low" surface brightness of only 0.1 Jy Beam −1 , the corresponding A V is many hundreds of magnitudes, completely blocking the interstellar radiation field from penetrating. Thus, the extinction is too great for diffuse ISM radiation to penetrate and align the grains by the radiative torque mechanism. However, for lines of sight through the center of the MM1 cloud core with higher flux, the slope changes from −1 to −0.5! This clearly shows that the grains deep inside the central core are at least partially aligned. It is possible that MM1 is in a transition phase between starless cores that show no grain alignment and embedded, luminous Class I YSOs that produce enough local Near-IR radiation to align dust grains in all the surrounding molecular gas. In this picture, the relatively cool SED of the Class 0 YSO in MM1 produces radiation that can align only the very largest grains, and only in the immediate vicinity of the star. This region is surrounded by a shell of molecular gas that does not contain aligned grains, and hence does not contribute to the polarization. The observation that the slope in Figure 8 at the highest column depths is −0.5 indicates the magnetic field deep in the MM1 cloud core is indeed traced by the CARMA polarimetry.
4. CONCLUSIONS 1. As expected, we find no indication of multiplicity in MM1 at the 1″ level of our SOFIA observations. MM1 is likely a single source, and will evolve into a single, early B, main-sequence star. 2. There is a warm component to the SEDs of both MM1
and MM2 revealed by our SOFIA photometry, commonly seen in observation sets such as the CHaMP survey. This warm component does not appear in models of very young Class I YSOs. 3. The various measures of the magnetic field geometry toward G034 and the MM1 core present a somewhat confusing picture. The position angles from the CARMA interferometric polarimetry (1.3 mm), SHARP single beam polarimetry (450 μm), and the GPIPS near-IR stellar polarimetry do not appear to be correlated with each other. The SHARP polarimetry is perpendicular to the associated filamentary cloud, and the GPIPS polarimetry lies in the Galactic plane. 4. Examination of the CARMA polarimetry leads us to conclude that the dust grains deep inside the MM1 core are partially aligned and therefore trace the magnetic field within the core, close to the embedded YSO. There is evidence that the molecular gas surrounding the dense core does not contain aligned grains. The Class 0 YSO in MM1 may be in a transition stage between starless cores, with no grain alignment, and embedded Class I YSOs with near complete grain alignment. 
